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Field studies were conducted in 2003, 2004, and 2005 in the Mississippi
delta at 12 locations across common production practices to evaluate the impact
of 12 single applications of fungicides at the R3 and R5 growth stage on soybean
yield, seed quality, and net returns.
Averaged across locations, azoxystrobin alone and mixed with other
fungicides increased yields 161 to 343 kg/ha compared to the nontreated control.
Fungicide applications made at R3-R4 were more efficacious and resulted in
larger yield increases than applications made at R5-R6. Plots treated at the R3R4 growth stage with 0.11kg ai/ha azoxystrobin alone or in combination with
other fungicides yielded 135 kg/ha more than plots treated with the same
treatments at the R5-R6 growth stage. Azoxystrobin at 0.11 kg ai/ha and
azoxystrobin at 0.11 kg ai/ha + 0.035 kg ai/ha diflubenzuron were the most

profitable treatments and increased net returns $23/ha and $31/ha, respectively
compared to the nontreated control.
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CHAPTER I
INTRODUCTION

Environmental conditions in the southern United States are generally
conducive to the development of many pathogens that cause disease in soybean
production (Stuckey et al. 1984). There are over 100 known pathogens that
directly effect soybean [Glycine max (L.) Merr.]. Of these 100 pathogens that
effect soybean, only about 35 of these are economically important to soybean
health (Sinclair and Backman 1989; Bowers and Russin 1999; Sinclair 1993).
Collectively, diseases are a major constraint to profitable soybean production in
the midsouthern U.S. (Bowers and Russin 1999). By some estimates, during the
period 1984 to 1994 diseases reduced yields an average of 5% (Wrather et al.
1995).
Frogeye leaf spot (FLS) caused by Cercospora sojina Hara and
Cercospora leaf blight or late-season Cercospora (LSC) caused by C. kikuchii
(Mat. & Tomoy.) Gardner are considered major foliar, pod, and stem diseases in
Arkansas and other parts of the Mid-South (Rupe 1989). In 2003, 2004, and
2005, soybean yield losses in Mississippi from foliar diseases were estimated at
11, 11, and 7%, respectively (Sciumbato 2005). These loss estimates can vary
widely from year to year largely due to the subjective nature of assessment and
1
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severity of diseases (Backman and Crawford 1986). Some of the major foliar
diseases that contributed to the loss were Anthracnose (Colletotrichum
truncatum), Brown leaf spot (Septoria glycines), Diaporthe/Phomopsis (Diaporthe
sojae), Downy mildew (Peronospora manshurica), FLS, Pod and stem blight
(Diaporthe phaseolorum var. sojae), and Aerial web blight (Rhizoctonia solani).
FLS is primarily a disease of the leaves, but stems, pods, and seeds may
also be infected (Bowers and Russin 1999 and Lehman 1934). Leaf lesions are
circular to angular spots varying in size that appear to be dark, water-soaked
areas that may have a light center (Bowers and Russin 1999). As the disease
develops into mature lesions, the young, fully developed lesions have a gray to
brown center with a distinct purplish to reddish brown margin (Bowers and
Russin 1999). As the symptoms mature, the oldest lesions are characterized by
circular to angular lesions with narrow, dark, reddish-brown borders occurring
throughout the canopy (Sinclair 1982). FLS can be effectively controlled by the
use of fungicides and has demonstrated increases in yields (Horn et al. 1975;
Sloane et al. 1975; and Akem 1995), but resistant cultivars are the long-term
answer to cost effective and environmentally friendly management (Bernaux
1979; Ma 1994; Akem 1995; and Yang and Weaver 2001). This disease seems
to be extremely variable in its genetic makeup (Yang and Weaver 2001). At least
22, 14, and 12 different races of frogeye leafspot have been identified in Brazil
(Yorinori 1992), China (Ma and Li 1997), and the United States (Athow et al.
1962; Ross 1968; Yorinori 1980; and Phillips and Boerma 1981), respectively. In

3

actuality, there may be as many as 105 different races of this fungus (D.V.
Phillips, 2004, personal communication).
Cercospora leaf blight can affect foliage, pods, and seed (Rupe 1989;
Cook and Sciumbato 2005). Foliar symptoms become most evident during the
latter part of the growing season as the plants approach maturity causing the
leaves to appear light purple and leathery (Bowers and Russin 1999).
Consequently, this disease is commonly referred to as late season Cercospora.
With FLS and LSC, disease occurs most commonly where warm, humid
conditions prevail (Bowers and Russin 1999). Moisture is essential in order for
the disease to develop.

Spores need water to germinate and penetrate.

Available or free moisture is a requirement for the development of many
economically significant soybean diseases. As early as 1977, research in
Alabama indicated that fungicides applied to control leaf and stem diseases in
soybeans were not beneficial during dry periods (Backman et al. 1986). Heavy
dew is sufficient moisture for Cercospora spores to initiate infection (Agrios
1988). Fungicides are available that offer control or suppression of disease
caused by Cercospora spp. Pod and stem blight, Phomopsis seed decay, and
aerial web blight are other diseases of economic significance to southern-grown
soybeans that could potentially be controlled effectively with fungicides.
During the 1970’s, fungicides like benomyl, chlorothalonil, thiabendazole,
and thiophanate-methyl were extensively evaluated and became fairly widely
used to increase yields and improve seed quality. Soybean acreage in
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Mississippi peaked in 1979 at 1.7 million planted hectares (NASS 2006).
Compared to today, soybean yields were relatively low in the 1970’s, with yields
averaging only 1488 kg/ha. However, soybean prices were relatively high, and
modest yield increases could more than pay for product and application costs.
Southern soybean acreage eventually declined as prices decreased and inflation
increased during the 1980’s. This was particularly true on marginally productive
land. Fungicide use also declined as profit margins tightened and the need to
reduce cost became more of an issue. Wide scale use of foliar fungicides on
soybeans has not been a widely accepted practice subsequent to the time frame
outlined above. Planted soybean acreage in Mississippi averaged 613,000
hectares from 2000 to 2006 with a state average yield of 2251 kg/ha.
Yield responses to foliar fungicides have been variable and weatherdependent. Phillips (1984) reported that yield increased, seed germination
increased, disease rating decreased, and maturity was delayed in 7 out of 77, 5
out of 62, 15 out of 56, and 30 out of 33 experiments, respectively (Phillips,
1984).

This would suggest positive yield responses about 10% of the time

fungicides were applied. These findings might be associated with the production
practices of that time, the yield potential of some older varieties, and limited yield
enhancement with older fungicide chemistries. Soybean production during the
1970’s and 1980’s in the Mid-South generally involved the use of wide rows,
older fungicide chemistries, and low yielding varieties. Often, the result was low
yield potential. Contemporary farming practices include narrow row spacings,
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higher yielding varieties, newer more effective fungicides, earlier planting, and
the shift to indeterminate varieties in the Mid-South. Fungicides evaluated under
these conditions may produce markedly different results. Newman and Percell
(2006) observed tremendous differences in disease occurrence at two locations
in Tennessee in 2005. This was attributed to the rotation practices implemented
at each location. The continuous soybean location had greater disease pressure
and averaged 709 kg/ha more than the check.

Fungicide treated plots at

locations where corn or cotton had been planted the year before averaged only
107 kg/ha more than the check. This shows the value of implementing rotation
into soybean production for the purpose of controlling soybean diseases.
In Arkansas, fungicides were shown to reduce FLS severity at certain
locations in certain years (Rupe 1989). The reduction was seen when benomyl
50WP, thiophanate-methyl 70WP, thiophanate-methyl 4.5F, thiobendazole 340F,
and triphenyltin hydroxide 4F were applied at R2 or R3 and again at R5. Yield
increases were obtained with benomyl 50WP, thiophanate-methyl 70WP,
thiophanate-methyl 4.5F, and triphenyltin hydroxide 4F. Yield increases ranged
from 0-395 kg/ha compared to the control. In other studies, Rupe (1984) and
Walters (1980) reported 535 kg/ha yield increases in Arkansas.

Rupe and

Cochran (1990) determined that applying fungicides at both R3 and R5 soybean
growth stages increased the likelihood of significant yield increases. However,
sequential fungicide applications may not be cost effective using more modern
production practices where the need to reduce the number of trips across the
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field because of narrow profit margins is an issue. Well-timed single applications
may be more economical even if the yield increases are slightly lower.
Although yield increases from foliar fungicides occur in some studies, it is
hard to determine when this type of response is going to occur. Some varieties
respond differently than others because of differences in tolerance to pod, stem,
and other foliar diseases.

Newman et al. (2005) evaluated several soybean

varieties

to

for

resistance

soybean

diseases

such

as

Anthracnose,

Diaporthe/Phomopsis complex, FLS, and LSC. Varieties were evaluated with
and without the use of a single fungicide application, using a 0 (no disease) to 10
(lesions on >90% of foliage and blighting present) scale to assess FLS severity.
Asgrow 4603 was rated 1 and 10 in treated and nontreated plots, respectively. In
contrast, Delta King 5366 was rated 0 and 1 in treated and nontreated plots,
respectively.

Yield responses to fungicides were 1270 and 148 kg/ha for

AG4603 and DK5366, respectively.
Planting date may also be a factor in the degree of response to foliar
applications of fungicide.

For example, early-planted and early-maturing

soybeans may escape some of the foliar diseases that tend to develop late in the
growing season when conditions are very hot and humid. Disease occurrence
and severity vary from year to year and location to location depending on
environmental conditions and varietal susceptibility (Rupe 1989). In some
studies, Rupe (1989) noted that fungicides were often beneficial when diseases
were already present in the field and that no increases were seen when no
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disease symptoms were present at the time of application. Although fungicides
should ideally be used preventatively, it is difficult to determine when certain
diseases will manifest.

When deciding whether or not the use a fungicide,

growers should consider cropping history, type of irrigation, rainfall, tillage,
variety susceptibility to certain diseases, yield potential, and whether the field will
be used for seed production (Rupe 1989). In Mississippi in 1978, a point system
was developed to assist farmers in deciding whether or not to spray a fungicide.
This system used 36 years of rainfall data collected from every county in
Mississippi during the months of July, August, and September. This period of
time was thought to be the most conducive period for late season disease
development.

At this time, common soybean practices included the use of

maturity group V and VI soybean planted into row spacings of 91 to 102 cm.
Soybeans were typically grown without irrigation. This system had two point
levels: a high and a low. In 7 tests, yield increases of 194 to 462 kg/ha were
observed for the low and high point categories, respectively. This system was
economical 90% of the time when used to make a recommendation regarding a
fungicide application. It was only 50% accurate when it was recommended to not
spray a fungicide (William F. Moore, 2006, personal communication).
There has been little soybean research conducted using the newer
classes of fungicides. Most available foliar fungicide data is derived from
research conducted during the mid 1970’s to late 1980’s. Most of the information
available is on benomyl, thiobendazole, and triphenyltin hydroxide, most of which

8

are no longer available to producers.

Few data can be found on the

effectiveness of thiophanate-methyl, which is still used today. Many of the earlier
studies came to the conclusion that it was not economical to use fungicides.
Strobilurins are a relatively new class of fungicides (Ma et al. 2003;
Grossmann and Reztlaff 1997; Bartlett et al. 2002). They show great promise in
controlling fungal complexes in agricultural systems. Azoxystrobin, sold under
the trade name Quadris for many row crops, is registered for use on at least 84
crops in 72 countries, representing over 400 crop/disease systems. Strobilurins
have a single-site mode of action. This is a drawback because fungi can quickly
become resistant to fungicides with single-site modes of action.

Strobilurins

inhibit mitochondrial respiration by binding to the Qo site of the cytochrome bc1
enzyme complex, thus it blocking electron transfer in the respiration pathway (Ma
et al. 2003 and Grossmann et al. 1997). Azoxystrobin offers activity on a broader
spectrum of diseases compared to older chemistries (Bertelsen et al. 2001).
Azoxystrobin is labeled to spray in soybeans against certain diseases such as
aerial blight; Alternaria leaf spot, Alternaria spp.; brown leaf spot; LSC; FLS; and
southern blight caused by the pathogen Sclerotium rolfsii (CPR 2003). Limited
research conducted in Mississippi, Arkansas, and Louisiana has shown potential
economic benefits of using azoxystrobin in soybeans grown in the Mid-Southern
U.S. With the newer chemistries available and competitive pricing in the
agricultural sector, fungicides may be available to producers at a reasonable
cost. Efficacy of the newer products must be established. If newer chemistries
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of fungicides prove to be effective at controlling soybean diseases and can be
purchased at reasonable prices, then growers may be able to benefit from their
use.
The objectives of this research were to: 1) determine if one fungicide
application at either R3-4 or R5-6 growth stages would reduce disease severity
and increase soybean yields and net returns and 2) evaluate the effects of foliar
applied fungicides on seed germination and pathogens present on the seed coat.
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CHAPTER II
IMPACT OF FOLIAR FUNGICIDES ON YIELD AND NET RETURNS
IN SOYBEANS
Abstract
Field experiments were conducted in 2003 (5 locations), 2004 (4
locations), and 2005 (3 locations) in the Mississippi Delta to evaluate twelve foliar
fungicide treatments applied at either R3-4 or R5-6 growth stages. Irrigated
soybean fields were selected with April and May planting dates and MG IV and V
soybeans to represent a cross section of common soybean production practices
in the Mississippi Delta. Treatments were: 1) 0.11 kg ai/ha azoxystrobin, 2) 0.67
kg ai/ha thiophanate-methyl, 3) 1.26 kg ai/ha chlorothalonil, 4) 0.035 kg ai/ha
diflubenzuron, 5) 0.11 kg ai/ha azoxystrobin + 0.45 kg ai/ha thiophanate-methyl,
6) 0.11 lb ai/a azoxystrobin + 0.84 kg ai/ha chlorothalonil, 7) 0.11 lb ai/a
azoxystrobin + 0.035 kg ai/ha diflubenzuron, 8) 0.28 kg ai/ha Boron in the form of
Solubor + 0.035 kg ai/ha diflubenzuron, 9) 0.06 kg ai/ha azoxystrobin + 0.035 kg
ai/ha diflubenzuron, 10) 0.06 kg ai/ha azoxystrobin + 0.45 kg ai/ha thiophanatemethyl, 11) 0.16 kg ai/ha propiconazole, 12) 0.12 kg ai/ha propiconazole + 0.08
kg ai/ha azoxystrobin, and 13) a nontreated control. Applications were made with
14

a tractor-mounted, compressed-air sprayer calibrated to deliver a spray volume
of 140 L/ha at 269 kPa using Teejet XR8002VS spray nozzles. All treatments
except 0.035 kg ai/ha diflubenzuron and 0.28 kg ai/ha Boron + 0.035 kg ai/ha
diflubenzuron reduced the level of FLS infestation. Averaged across all locations
and timings, azoxystrobin 0.11 kg ai/ha applied alone or in combination with
other products increased soybean yield 282 to 343 kg/ha. Similar yield increases
occurred with 0.06 kg ai/ha azoxystrobin + 0.45 kg ai/ha thiophanate-methyl.
Soybean yields with azoxystrobin-based treatments averaged 153 kg/ha higher
with R3-4 applications than with R5-6 applications. Net returns calculated using
a $0.224/kg soybean selling price were $23 and $31/ha higher than the
nontreated control with 0.11 kg ai/ha azoxystrobin and 0.11 kg ai/ha azoxystrobin
+ 0.035 kg ai/ha diflubenzuron, respectively.
Nomenclature: azoxystrobin ([methyl (E)-2-{2-[6-(2-cyanophenoxy)
pyrimidin-4-yloxy] phenyl}-3-methoxyacrylate); thiophanate-methyl (dimethyl [1,2phenylene)-bis(iminocarbonothioyle)]bis[carbamate]); chlorothalonil
(tetrachloroisophthalonitrile); diflubenzuron (N-[[(4-chlorophenyl) amino]
carbonyl]-2,6-difluorobenzamide); Boron; propiconazole (1-[[2-(2,4dichlorophenyl)-4-propyl-1,3-dioxolan-2-yl]methyl]-1H-1,2,4-triazole); benomyl
(methyl-1-[(butylamino)carbonyl]-H-benzimidazole-2-ylcarbamate); thiabendazole
(2-(4-thiazolyl)-benzimidazole); triphenyltin hydroxide; frogeye leaf spot,
Cercospora sojina Hara; soybean, Glycine max (L.) Merr.
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Additional Index Words:

foliar fungicides, soybean yield response,

soybean disease control.
Abbreviations: MG, maturity group; FLS, frogeye leaf spot.
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Introduction
Soybean is a major crop in Mississippi.

Planted soybean area in

Mississippi averaged 609,000 hectares during the period of 2000 to 2005 (NASS
2006) generating an average annual value of production estimated at 277 million
dollars. During the mid 1990’s, soybean yields began to trend upward, likely
coinciding with widespread adoption of the Early Soybean Production System
(ESPS) and glyphosate tolerant soybean. A very noticeable increase in state
average yield can be illustrated using the decades of the 1980’s, 1990’s and
2000’s when state average yields of 1424, 1774, and 2244 kg/ha were recorded,
respectively. A state record yield of 2620 kg/ha was achieved in 2003, but the
ample rainfall that occurred during the 2003 growing season created an
environment that was favorable for disease development. Foliar diseases,
especially FLS, thrive when climatic conditions are warm and humid (Coker
2003). This disease can cause up to 40% yield loss on susceptible cultivars
where optimum conditions are present (Coker 2003). FLS, late-season
Cercospora (LSC) caused by C. kikuchii, pod and stem blight, and anthracnose
were present at high levels in the Mississippi Delta in 2003.

Consequently,

soybean yields were less than expected (S.M.A.R.T. Program Annual Report
2003). Soybean yield losses from diseases were estimated at 16% in 2003,
translating into an estimated yield loss of 263 million kg (Koenning 2004).
Incidences of certain diseases, such as FLS and brown leaf spot caused by

18

Septoria spp., are increasing in frequency in the Mississippi delta (Sciumbato
and Poston 2004). Foliar fungicides, especially newer classes of fungicides, may
profitably offset yield losses in some situations.
Unfortunately, yield responses to foliar fungicides have been variable and
weather-dependent (Phillips 1984 and Rupe 1989). Factors like crop rotation
and variety susceptibility to certain diseases often help determine if an
economical response to fungicides will occur (Newman et al. 2005). Differences
in disease pressure have been noted numerous times in previous research. A
major reason for this is rotation practices. Disease pressure is typically greater in
situations where beans are planted following beans (Newman and Purcell 2006
and Rupe 1989). By implementing a crop rotation, disease pressure is typically
lower than when following soybeans continuously. Crop rotation allows for the
disease cycle to be broken by planting a non-host crop for soybean diseases.
Varietal susceptibility to diseases also contributes to the response seen from a
fungicide application. There are extreme differences in susceptibility to certain
diseases among varieties.

Fungicide response is dictated by the particular

disease present, coupled with the variety’s susceptibility to that particular
pathogen (Newman et al. 2005 and Rupe 1989).
Fungicide applications have been documented to increase yield.
Application timings of R3, R5, and R3 fb R5 were investigated thoroughly in the
1980’s using older fungicide chemistries. The timing that was most likely to give
an increase in yield was the R3 fb R5 sequential application (Rupe 1984; Walters
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1980; and Rupe and Cochran 1990). With current prices and input costs, this is
not a feasible option. With diesel fuel at an all time high, a well-timed single
fungicide application may be more profitable than a sequential program.
Another important consideration in the decision to make an application of
a fungicide, is planting date. This is especially true in the ESPS system where
early planting and early maturing varieties are utilized. This system allows the
crop to avoid some diseases that typically occur late in the season.

There are

many factors to consider when recommending a fungicide application. Cropping
history, rainfall, tillage, and variety susceptibility to certain diseases will influence
the decision to apply a fungicide. In addition, the type of irrigation, yield potential,
and whether the field will be used for seed production are also very important
considerations to a fungicide application (Rupe 1989).
Most currently available fungicide data are derived from research
conducted during the 1970’s and 1980’s using older fungicide chemistries.
Investigations into newer chemistries are essential. Strobilurins are a relatively
new class of fungicides (Ma et al. 2003; Grossmann and Reztlaff 1997; and
Bartlett et al. 2002). Azoxystrobin, a strobilurin fungicide, is a broad-spectrum
fungicide that controls many diseases in many crops and is registered for use in
over 72 countries. Strobilurins show great promise in controlling fungal
complexes in agricultural systems.

Azoxystrobin offers activity on a broader

spectrum of diseases compared to older chemistries (Bertelsen et al. 2001).
Azoxystrobin is labeled to spray in soybeans to control certain diseases, such as
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aerial blight; Alternaria leaf spot, Alternaria spp.; brown leaf spot; LSC; FLS; and
southern blight caused by the pathogen Sclerotium rolfsii (CPR 2003).
Studies are needed to assess the potential benefits of using strobilurin
fungicides in soybean production. The objective of this research was to
determine if one fungicide application at either R3-4 or R5-6 growth stages would
reduce disease severity and increase soybean yields and net returns.
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Materials and Methods
Field studies were conducted at various locations on irrigated soybeans in the
Mississippi Delta in 2003 (5 locations), 2004 (4 locations), and 2005 (3 locations).
Information by location can be found in Table 2.1. Soil fertility was adequate for
soybean production at all locations.
Applications were made with a tractor-mounted compressed-air sprayer
calibrated to deliver a spray volume of 140 L/ha at 270 kPa using Teejet
XR8002VS flat fan nozzles spaced 51 cm apart. R3 and R5 soybean growth
stages were targeted as application timings. In actuality, R3 applications were
made from late R2 to R4 and R5 applications were made from R5 to R6
depending on location. See Table 2.1 for specific application timings.
Twelve fungicide treatments were evaluated (Table 2.2). All studies were
conducted using a Randomized Complete Block experimental design with 4
replications and split-plot treatment structure.

Main plot factor was fungicide

treatment and sub-plot factor was application timing. Plots were 12.19 meters
long and 3.1 to 4.1 meters wide depending on location (see Table 2.2).
All data were subjected to analysis of variance. Location was treated as a
random variable and the Proc Mixed function of SAS was used to determine
main and interaction effects. Significant interactions were investigated using the
slice option within the lsmeans statement to compare simple effects. In addition,
the probability of a positive economic response to fungicide was determined from
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raw data by calculating the percentage of observations that had a numerical
increase in net returns using a range of soybean selling prices.
Disease severity was assessed visually approximately 2-4 weeks after R5
applications (depending on the level of disease present at each location) based
on a rating scale of 0 to 9, where 0 = no disease present and 9 = extreme
disease expression characterized by >90% of foliage with lesions and leaf
blighting present. Stem greening associated with fungicide use was assessed at
several locations prior to harvest using a 0-9 scale, where 0 = no green stems
and 9 = >90% green stems and retained foliage present. Soybean yield was
determined by harvesting two to four of the center rows (depending on location
and row spacing) of each plot with a small plot combine. Samples were cleaned
and yields were adjusted for trash content and moisture. Weights of a 100 seed
sample were also recorded for each plot. Net returns above fungicide and
application cost were calculated for each treatment using the average soybean
selling price at harvest averaged over the 3-year test period. Fungicide prices
used to determine net returns were taken from the Mississippi State University
Soybean Planning Budgets (MSUa 2006).
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Results and Discussion
Twelve foliar fungicide treatments were evaluated at R3-4 and R5-6
soybean growth stages in Mississippi in 2003 (5 locations), 2004 (4 locations),
and 2005 (3 locations).

This 3-year period was optimum for assessing the

impact of fungicides over a wide range of environmental conditions. Rainfall
totals for 2003, 2004, and 2005 during reproductive development (June through
August) were 29, 45, and 25 cm, respectively. Mean maximum air temperatures
during this interval were 32.5, 31.5, and 33.3 C for 2003, 2004, and 2005,
respectively (MSUb 2006). Therefore, the 2003 growing season could be
described as a somewhat average year with no real temperature extremes and
adequate moisture most of the year. The 2004 growing season had conditions
ideal for foliar disease development with above average rainfall, frequent
showers, and mild temperatures during most of the growing season. In contrast,
the 2005 growing season was the driest and hottest year of the study period.
Consequently, disease pressure was low until late in the growing season and
yield responses from fungicides were generally lower than the other two years in
this study. However, economical yield responses were still observed in 2005
with some treatments despite dry growing conditions. Collectively, this 3-year
period presented an ideal range of growing conditions that might exist in the
Mississippi Delta.
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Fungicide effect on soybean yield.
Averaged across all locations and timings, significant yield increases
occurred with all treatments that contained azoxystrobin or thiophanate-methyl
(Table 2.3).

Significant yield increases did not occur with chlorothalonil,

diflubenzuron, boron + diflubenzuron, or propiconazole. Highest soybean yields
occurred with 0.11 kg ai/ha applied alone or in combination with thiophanatemethyl, chlorothalonil, and diflubenzuron. Soybean yields were increased 282,
343, 282, and 343 kg/ha, respectively with these treatments (Table 2.3). Similar
yield increases occurred with 0.06 kg ai/ha azoxystrobin + 0.45 kg ai/ha
thiophanate-methyl. Thiophanate-methyl alone increased yields, but did not
produce yields equal to the best azoxystrobin-based treatments. Rupe (1989)
found similar yield responses with thiophanate-methyl.

Price reductions on

thiophanate-methyl subsequent to the time frame of this research may increase
the likelihood of a profitable economic response for Mississippi producers (Table
2.2).

However, entry of ASR into the United States will reduce the utility of

thiophanate-methyl applied alone because it has limited to no activity against this
pathogen. Although no significant yield increase occurred with diflubenzuron, the
numerical yield increase that occurred should more than offset the treatment
cost, especially if the diflubenzuron is added to another treatment already being
applied, thereby reducing application cost. The addition of 0.035 kg ai/a
diflubenzuron to 0.11 kg ai/ha azoxystrobin increased yields 61 kg/ha over
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azoxystrobin applied alone.

Given the low cost of diflubenzuron, this tank

mixture would likely be a profitable option. However, the yield response resulting
from the addition of 0.84 kg ai/ha chlorothalonil or 0.45 kg ai/ha to 0.11 kg ai/ha
azoxystrobin would not offset product cost assuming current prices. Across all
locations, diflubenzuron appeared to be most effective at locations that were
planted to later-maturing soybeans (data not presented). Because diflubenzuron
is an insecticide, this may be due to the control of certain insects that tend to be
worse in later-planted and later-maturing soybeans. Based on these and other
findings, adding diflubenzuron to azoxystrobin applications has become a
common recommendation, especially on later-maturing soybeans.
The yield responses outlined above represent an average over application
timings. In actuality, yield responses to most fungicide treatments were higher
when applications were made at the R3-4 growth stage than at the R5-6 growth
stage (Table 2.3). Soybean yields with azoxystrobin-based treatments were 121
kg/ha higher with R3-4 applications than with R5-6 applications.

Other

treatments that did not contain azoxystrobin did not appear to be as timing
dependent. Applying strobilurin fungicides like azoxystrobin at the R3-4 growth
stage rather than later could potentially increase net returns more than $24.70/ha
assuming a $0.046/kg selling price. Newman and Percell (2005) found similar
results at two locations in Tennessee, where a single strobilurin fungicide
application resulted in yield increases of 107 and 709 kg/ha over the nontreated
control depending on location. Larger yield responses were observed when
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soybeans were planted following soybeans and lesser responses occurred when
soybeans were planted behind other crops like cotton or corn.

Padgett et al.

(2006) evaluated azoxystrobin-based programs and found that, in 21 tests over a
5-year period, azoxystrobin applied at 0.11 kg ai/ha increased yields 227, 241,
and 294 kg/ha when applied at R3, R5, and R3 fb R5 application timings,
respectively. Yield increases occurred 63, 76, and 93% of the time with R3, R5,
and R3 fb R5 application timings. These findings document more consistent
yield responses with later application timings than was found in our study.
However, soybean is typically planted later in Louisiana than in Mississippi,
possibly resulting in a different disease spectrum.

Fungicide effect on seed size.
Averaged over application timings, all treatments except 0.035 kg ai/ha of
diflubenzuron, 0.035 kg ai/ha diflubenzuron + 0.28 kg ai/ha Boron, and 0.16 kg
ai/ha propiconazole increased seed size significantly compared to the untreated
control.
Weight per 100 seed was determined using seed from nearly all locations
in the study. Yield increases from fungicides could clearly be linked to increases
in seed size/weight (Table 2.4). This suggests that prolonged plant life in the
field facilitated by fungicides resulted in a longer period of pod fill that,
consequently, caused an increase in yield. However, increases in seed size
were not dependent on application timing. This suggests that something else
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must be responsible for better yields with fungicides applied at the R3-4 growth
stage rather than later. Pod and seed counts taken at 1 location over the course
of the study may lend some information that can be used to answer this question.
As with all locations, seed size in treated plots was increased when compared to
the nontreated control. However, it was also noted that the number of pods per
plot increased substantially compared to the nontreated control when
azoxystrobin-based fungicide applications were made at the R3-4 growth stage.
Only a very slight increase in pods per plant occurred with applications made at
the R5-6 growth stage.

Consequently, it can be speculated that the earlier

applications, made when the plant is setting pods, resulted in more pods per
plant and, consequently, higher yields. During pod set, several diseases can
cause pod abortion. One in particular is aerial blight. Azoxystrobin is extremely
efficacious against this disease at very low rates. Protection from such diseases
during pod set could potentially result in more pods per plant. In the case where
applications are made at the R5-6 growth stage, soybean plants have already
established the number of pods that the plant will maintain and most pod
abortions have already occurred. Consequently, fungicide applications made this
late likely will only result in yield increases caused by increases in seed size from
prolonged plant life in the field. The combined effect of increased seed size and
pod number is likely responsible for higher yields with azoxystrobin applications
made at the R3-4 growth stage rather than later.
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Fungicide effect on disease control.
Frogeye leafspot (FELS) was the most prevalent disease across locations
that were visibly ratable.

In addition, noticeable differences in the level of

disease on pods and stems were observed. Yield increases tended to parallel
disease control. All treatments except 0.035 kg ai/ha of diflubenzuron and 0.035
kg ai/ha of diflubenzuron + 0.28 kg ai/ha of Boron controlled FELS to some
degree (Table 2.6).

Diflubenzuron is a chitin-inhibiting insecticide.

Because

some fungi contain chitin, there has been debate about the fungicidal properties
of this compound. Based on the 3 years of this study, there were no indications
that it contained any fungicidal properties. It is more likely that it is controlling
late season insect pests. Chlorothalonil is a surface protectant only. It is not
embedded within the leaf tissue like strobilurins. Chlorothalonil controlled FELS
only when applied at the R3-4 stage. Better control occurred with higher rates of
azoxystrobin

and

yield

increases

tended

to

parallel

disease

control.

Thiophanate-methyl was the only exception to yield parallels. FELS control with
thiophanate-methyl was not as good as with azoxystrobin-based treatments, yet
thiophanate-methyl increased yields 235 kg/ha. This could suggest that
thiophanate-methyl is controlling other diseases not recorded in this study. In
addition, yield responses were less timing dependent with thiophanate-methyl
than with azoxystrobin-based programs, possibly indicating more value from later
thiophanate-methyl applications than later azoxystrobin applications. As with
yield responses, the level of FELS control was timing dependent. Applications
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made at the R3-4 growth stage were more efficacious than applications made
later. Using a 0 (no disease present) to 9 (90% of foliage with lesions and leaf
blighting present) rating scale, fungicides reduced FELS severity 1.4 to 2.5 points
when applied at the R3-4 growth stage, compared to only 0.9 to 1.4 points when
applied at the R5-6 growth stage.

Fungicide effect on pod quality.
Pod quality was also assessed using a 0 (clean pods with no visible
disease or deterioration) to 9 (pod disease present on 90% or more of the pods
and deterioration present) rating scale. Ratings represented a complex of
diseases that included LSC, pod and stem blight, and Anthracnose. Pod quality
was improved by all treatments except diflubenzuron, diflubenzuron + Solubor,
and chlorothalonil. Based on observations in the field, azoxystrobin applications
tended to be most effective against anthracnose and only somewhat effective
against pod and stem blight and late-season Cercospora. Of particular
importance is the fact that application timing had little, if any, impact on pod
quality averaged over all locations. It was expected that later applications made
closer to harvest would have been more effective at reducing pod and stem
diseases; however, this was not the case in this study. Pod quality differences
due to timing were detected with only 1 treatment used in this study. Scientists
from other states have also observed improved pod and seed quality from
strobilurin fungicide applications made as early as R3. These findings could

30

suggest that maximum yield enhancement and improved pod and seed quality
may result from fungicide applications made at the R3-4 growth stage. However,
it should be noted that the 3-year evaluation period for this study was marked by
good harvest conditions, and pod quality differences due to timing may have
been detected under wetter harvest conditions more conducive to pod
deterioration. More studies need to be conducted to address this issue.

Fungicide effects on plant greening.
Ratings for plant greening associated with fungicide use were taken using
a 0 (no green stems or plants present) to 9 (nearly all plants with green stems
and leaves but pods mature) scale in 2004 and 2005. In most instances, yield
increases described above are due partially to plants maintaining foliage longer
into the growing season. This prolonged period of green vegetation resulted in a
longer period of seed fill that increases seed size and, consequently, yield. In
many cases, however, plants remain green from fungicide applications far after
pods are harvestable.

Prolonged plant life in the field was observed at all

locations in this study. However, excessively green stems and/or plants were
observed at 3 locations (25% of locations) over the course of the study.
Consequently, green stem ratings were taken at only 4 out of 7 locations (Table
2.7). Treatments that resulted in the highest yields were generally the treatments
that caused the most plant greening. In addition, it appears that greening is
worse with higher levels of active ingredient. As a result, it is important that high
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fungicide rates be utilized only when disease pressure warrants. Also, increased
net returns from fungicides might be reduced slightly due to the increased need
to apply desiccants at harvest.

Fungicide effects on net returns above treatment and application costs.
Averaged across timings, azoxystrobin at 0.11 kg ai/ha and azoxystrobin
at 0.11 kg ai/ha + diflubenzuron at 0.035 kg ai/ha were the most profitable
treatments and significantly increased net returns $23 and $31/ha, respectively
compared to the nontreated control. These were the only treatments that
increased net returns significantly averaged over timings. As with yields, net
returns tended to be greater when applications were made at R3-4. In all cases
where azoxystrobin was used alone or in combination with another fungicide or
insecticide, net returns were significantly higher when applications were made at
R3-4.

Averaged across all azoxystrobin-based programs, net returns were

$33.86/ha higher when applications were made at R3-4 compared to R5-6.

Probability of positive economic response from 2003-2004.
It is important to note that numerical increases or trends over time are
often ignored in formal publications and that statistical stringencies are
sometimes set too high to detect practical differences for the producer. In most
instances a producer is interested in the likelihood of an input resulting in a
positive economic response.

Consequently, the probability of producing a
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positive economic response was determined using the 2003, 2004, and 2005
data.
A soybean selling price of $0.18/kg is the current loan rate for soybean.
Therefore, this is essentially the lowest price that a producer is likely to receive
for his crop, not taking into consideration dockages for quality, damage, foreign
matter, and moisture. The probability of a positive economic response at this
selling price ranged from 50 to 65% with all azoxystrobin-based programs,
except 0.08 kg ai/ha azoxystrobin + 0.12 kg ai/ha propiconazole, when
applications were made at the R3-4 growth stage. The likelihood of a positive
economic response ranged from 48-60% when applications of these same
treatments were made at R5-6 growth stages.
It is important to note that 0.67 kg ai/ha of thiophanate-methyl did not
make the most money averaged across all trials, but the economic response was
consistent and this treatment was likely to produce a positive economic response
60% of the time with the low soybean selling price of $0.18/ha. Similarly, the
combination of 0.06 kg ai/ha azoxystrobin + 0.45 kg ai/ha of thiophanate-methyl
was the treatment most likely to produce a positive economic response. This
treatment is a low rate combination that offers two modes of action, which may
be important in resistance management.
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Summary.
Treatments that consistently increased yields also increased the 100 seed
weight. Yield differences that occurred with R3-4 applications were likely due to
increased number of pods and increases in seed size, and yield differences that
occurred with R5-6 applications were mostly due to increases in seed size and
not to increased seed number. All products except diflubenzuron and
diflubenzuron + boron reduced the severity of FLS. Programs containing 0.11 kg
ai/ha of azoxystrobin were most effective against FLS. Fungicide programs did
have the tendency to increase the incidence of green stems at harvest at some
locations. This tended to be variety- and location-specific and only occurred at a
problematic level about 25% of the time. However, it should be recognized that
fungicide use might increase the need for harvest aides.
These findings clearly illustrate that foliar fungicide use can be profitable if
applications are made on a timely basis and if treatment and application costs
are kept modest.

In addition, this information is valuable in light of pending

threats from ASR.

It appears that strobilurin-based fungicide programs may

need to be applied at R3-4 for maximum economic returns to be realized.
Applications made at this growth stage on irrigated soybeans will likely increase
net returns and provide short-term residual protection against soybean rust.
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Table 2.1. Location information for foliar fungicide experiments conducted on irrigated soybean in
2003, 2004, 2005 in the Mississippi Delta and the actual soybean growth stages at
which applications were made when the targeted growth stages were R3 and R5.a
Actual
Application
Timing
Test

Location

Variety

Planting

Crop

Year

Soil

R3

R5c

1
2

Stoneville
Stoneville

DPL
DPL

April 17
May 23

SB/SB
SB/SB

2003
2003

Clay
Clay

R3
R3

R5.3
R5.4

3

Morgan

DK

April 9

SB/SB

2003

Silty

R3

R5.0

4

Skene

P95B96

April 30

SB/SB

2003

Clay

R3

R5.1

5

Leland

DK

May 16

RICE/SB

2003

Silty

R2

R6

6

Stoneville

DPL

April 21

SB/SB

2004

Clay

R3

R5.1

7

Leland

AG

March

SB/SB

2004

Silt

R4

R6

8

Morgan

DK

April 15

SB/SB

2004

Silty

R4

R5.7

9

Morgan

DK

April 9

SB/SB

2004

Clay

R3

R5.4

10

Stoneville

DPL

May 10

SB/SB

2005

Clay

R3

R5.3

11

Stoneville

DK

April 18

RICE/SB

2005

Clay

R3

R5.3

12

Stoneville

DPL

April 18

SB/SB

2005

Clay

R4

R5.1

a

Application timings were targeted at R3 and R5 growth stages. Actual application timings may
have varied slightly due to wet field conditions or other factors.
b
SB=soybean. Example SB/SB means soybeans planted following soybean, RICE/SB means
soybean planted following rice.
c
The R5 growth stage is partitioned using a scale of 5.0 (beginning seed fill) to 5.9 (almost
complete seed fill) to better explain the degree of pod fill that had occurred at the time fungicides
were applied.
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Table 2.2. Fungicide treatments, rates and costs used to calculate net returns above fungicide
expenditures. a
Rate
Treatment
Azoxystrobin

___________

kg ai/ha

Cost per ha
___________

________

Dollars/ha________

0.11

32.64

Thiophanate-methyl

0.67

32.05

Chlorothalonil

1.26

20.34

Diflubenzuron

0.035

7.51

Azoxystrobin + thiophanatemethyl
Azoxystrobin + chlorothalonil

0.11 + .45

53.99

0.11 + 0.84

46.18

Azoxystrobin + diflubenzuron

0.11 + 0.035

40.15

Boron + diflubenzuron

0.28 + 0.035

9.56

Azoxystrobin + diflubenzuron

0.06 + 0.035

23.82

Azoxystrobin + thiophanatemethyl
Propiconazole

0.06 + 0.45

37.68

0.16

31.33

Propiconazole + azoxystrobin

0.12 + 0.08

46.01

Nontreated
a

0

Application cost used was $6.18/ha using an application volume of 140 L/ha by ground.

Table 2.3. Foliar fungicide effects on irrigated soybean yield in Mississippi in 2003, 2004, and 2005.a
Application Timingb
Treatment

Rate
_________

Azoxystrobin

kg ai/ha

R3-R4

0.11

R5-R6
_______________________________

_________

4133

kg/ha

Averagec
_________________________________

4019

4079*

Thiophanate-methyl

0.67

4072

3992

4032

Chlorothalonil

1.26

3938

3864

3898
3898

Diflubenzuron

0.035

3898

3898

Azoxystrobin + thiophanate-methyl

0.11 + .45

4193

4093

4140*

Azoxystrobin + chlorothalonil

0.11 + 0.84

4166

3992

4079*

Azoxystrobin + diflubenzuron

0.11 + 0.035

4220

4066

4140*

Boron + diflubenzuron

0.28 + 0.035

3843

3871

3857

Azoxystrobin + diflubenzuron

0.06 + 0.035

4025

3891

3958*

Azoxystrobin + thiophanate-methyl

0.06 + 0.45

4153

3985

4072*

0.16

3891

3830

3864

4119

3891

Propiconazole
Propiconazole + azoxystrobin

0.12 + 0.08

4005*

Nontreated

3817

3797

Average

4036

4318

Prob > F
Fungicide

<0.0001

Timing

0.0102

Fungicide by Timing

<0.0001

LSD (0.05)
3770
3935

71
120

108

a

Data averaged over 12 experiments. Five, four, and three studies were conducted in 2003, 2004, and 2005, respectively.

b

R3 and R5 growth stages were targeted for fungicide applications. However, due to wet field conditions and other factors, applications were made either from R3-R4 or from R5-R6 growth stages.

c

* denotes that soybean yields achieved with R3-R4 applications are significantly different from yields achieved with R5-R6 applications. Differences were determined using a test of slice effects

contained within SAS statistical software.
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Table 2.4. Foliar fungicide effects on irrigated soybean net returns above fungicide and application cost in Mississippi in 2003, 2004, and 2005.a,b
Application Timingc
Treatment

Rate
_________

kg ai/ha

R3-R4

R5-R6

_______________________________

_________

dollars/ha

Averaged
_________________________________

Azoxystrobin

0.11

886

861

873*

Thiophanate-methyl

0.67

873

857

865

Chlorothalonil

1.26

855

838

847

Diflubenzuron

0.035

858

859

859

Azoxystrobin + thiophanate-methyl

0.11 + .45

878

855

867*

Azoxystrobin + chlorothalonil

0.11 + 0.84

880

841

861*

Azoxystrobin + diflubenzuron

0.11 + 0.035

898

864

881*

Boron + diflubenzuron

0.28 + 0.035

845

851

848

Azoxystrobin + diflubenzuron

0.06 + 0.035

871

841

856*

Azoxystrobin + thiophanate-methyl

0.06 + 0.45

886

848

867*

0.16

834

819

827

870

819

845*

Propiconazole
Propiconazole + azoxystrobin

0.12 + 0.08

Nontreated

855

Average

868

850

Prob > F

LSD (0.05)

Fungicide

0.0032

845

Timing

0.0102

846

Fungicide by Timing

<0.0001

14
27

a

Data averaged over 12 experiments. Five, four, and three studies were conducted in 2003, 2004, and 2005, respectively.

b

Net returns calculated using product prices available at the time study was conducted. Recent price reductions and the introduction of generic versions of some products may make some

23

treatments more profitable than represented in this table.
c

R3 and R5 growth stages were targeted for fungicide applications. However, due to wet field conditions and other factors, applications were made either from R3-R4 or from R5-R6 growth stages.

d

* denotes that soybean yields achieved with R3-R4 applications are significantly different from yields achieved with R5-R6 applications. Differences were determined using a test of slice effects

contained within SAS statistical software.
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Table 2.5. Foliar fungicide effects on 100 seed weights of irrigated soybean grown in Mississippi in 2004, and 2005.a

Application Timingb
Treatment

Rate
_________

kg ai/ha _________

Azoxystrobin

0.11

Thiophanate-methyl

0.67

Chlorothalonil

1.26

Diflubenzuron

0.035

Azoxystrobin + thiophanate-methyl

0.11 + .45

Azoxystrobin + chlorothalonil

0.11 + 0.84

Azoxystrobin + diflubenzuron

0.11 + 0.035

Boron + diflubenzuron

0.28 + 0.035

Azoxystrobin + diflubenzuron

0.06 + 0.035

Azoxystrobin + thiophanate-methyl

0.06 + 0.45

Propiconazole

0.16

Propiconazole + azoxystrobin

0.12 + 0.08

Nontreated

R3-R4

R5-R6
_______________________________

14.5

kg/ha _________________________________
14.4

14.3

14.2

14.3

14.1

14.0

14.0

14.5

14.5

14.6

14.4

14.4

14.4

14.0

14.0

14.2

14.0

14.4

14.3

13.9

14.1

14.3

14.1

13.6

Prob > F

a

Fungicide

<0.0001

Timing

0.3484

Fungicide by Timing

0.6558

14.4
14.3
14.2
14.0
14.5
14.5
14.4
14.0
14.1
14.4
14.0
14.2
13.7

14.2

Average

Averagec

14.2

13.8
14.2

LSD (0.05)
0.32
0.13
0.40

Data averaged over 7 experiments. Four and three studies were conducted in 2004 and 2005, respectively.

b

R3 and R5 growth stages were targeted for fungicide applications. However, due to wet field conditions and other factors, applications were made either from R3-R4 or from R5-R6 growth stages.

c

* denotes that soybean seed size achieved with R3-R4 applications is significantly different from seed size achieved with R5-R6 applications. Differences were determined using a test of slice

effects contained within SAS statistical software.
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Table 2.6. Foliar fungicide effects on Frogeye leafspot levels in irrigated soybean in Mississippi in 2003, 2004, and 2005.a
Application Timingb
Treatment

Rate
_________

kg ai/ha

Azoxystrobin

0.11

Thiophanate-methyl

0.67

Chlorothalonil

1.26

Diflubenzuron

R3-R4

0.035

Azoxystrobin + thiophanate-methyl

0.11 + .45

Azoxystrobin + chlorothalonil

0.11 + 0.84

Azoxystrobin + diflubenzuron

0.11 + 0.035

Boron + diflubenzuron

0.28 + 0.035

Azoxystrobin + diflubenzuron

0.06 + 0.035

Azoxystrobin + thiophanate-methyl

0.06 + 0.45

Propiconazole

0.16

Propiconazole + azoxystrobin

0.12 + 0.08

Nontreated

R5-R6

_______________________________

_________

2.0

0-9 scale
2.9

2.9

3.6

2.9

3.9

4.1

4.3

2.0

2.8

2.3

2.9

2.0

3.0

4.1

4.3

2.3

3.4

2.4

3.1

3.2

3.6

2.2

3.2

4.5
3.5

Prob > F
Fungicide
Timing
Fungicide by Timing

<0.0001

2.4*
3.2*
3.4*
4.2
2.4*
2.6*
2.5*
4.2
2.9*
2.7*
3.4
2.7*
4.4

2.8

Average

Averagec
d _________________________________

3.2

LSD (0.05)
4.3

0.9

0.0454

0.6

<0.0001

0.5

a

Data averaged over 9 experiments conducted over the course of 3 years.

b

R3 and R5 growth stages were targeted for fungicide applications. However, due to wet field conditions and other factors, applications were made either from R3-R4 or from R5-R6 growth stages.

c

* denotes that soybean seed size achieved with R3-R4 applications is significantly different from seed size achieved with R5-R6 applications. Differences were determined using a test of slice

effects contained within SAS statistical software.
d

Frogeye leafspot levels determined visually using a scale of 0 – 9, where 0=no disease present and 9=greater than 90% of leaf tissue covered with lesions and leaf blighting, desiccation, and

defoliation occurring.
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Table 2.7. Foliar fungicide effects on incidence of green stems in irrigated soybean in Mississippi in 2004 and 2005.a
Application Timingb
Treatment

Rate
_________

kg ai/ha

Azoxystrobin

0.11

Thiophanate-methyl

0.67

Chlorothalonil

1.26

Diflubenzuron

R3-R4

0.035

Azoxystrobin + thiophanate-methyl

0.11 + .45

Azoxystrobin + chlorothalonil

0.11 + 0.84

Azoxystrobin + diflubenzuron

0.11 + 0.035

Boron + diflubenzuron

0.28 + 0.035

Azoxystrobin + diflubenzuron

0.06 + 0.035

Azoxystrobin + thiophanate-methyl

0.06 + 0.45

Propiconazole

0.16

Propiconazole + azoxystrobin

0.12 + 0.08

Nontreated

R5-R6

_______________________________

_________

5.4

0-9 scale
5.4

4.9

4.7

4.8

4.8

4.2

3.9

5.6

5.6

5.0

5.1

4.9

5.3

4.0

3.9

5.3

5.3

5.4

5.0

4.2

4.3

5.3

5.0

3.6

5.4
4.8
4.8
4.1
5.6
5.0
5.1
3.9
5.3
5.2
4.3
5.2
3.7

4.8

Average

Averagec
d _________________________________

4.8

Prob > F

LSD (0.05)
3.7

2.3

Fungicide

<0.0001

Timing

0.8188

2.2

Fungicide by Timing

0.7238

2.3

a

Data averaged over 4 experiments conducted over the course of 2 years.

b

R3 and R5 growth stages were targeted for fungicide applications. However, due to wet field conditions and other factors, applications were made either from R3-R4 or from R5-R6 growth stages.

c

* denotes that soybean seed size achieved with R3-R4 applications is significantly different from seed size achieved with R5-R6 applications. Differences were determined using a test of slice

effects contained within SAS statistical software.
d

Incidence of green stems was determined visually using a scale of 0 – 9, where 0=no green stems present and 9=greater than 90% of stems green and some plants retaining green foliage. In all

cases, pods were mature and harvestable.
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Table 2.8. Probability of generating a positive economic response from applying various fungicides at different soybean growth stages
assuming several soybean selling prices.a
Applied at R3-R4 growth stage

Applied at R5-R6 growth stage

Soybean Selling Price in dollars/kg
Treatment

Rate
__

Azoxystrobin

kg ai/ha
0.11

0.18
__

0.22

0.26

0.29

______________________________________________

0.18
%

0.22

0.26

0.29

________________________________________________

56

56

60

63

50

60

63

Thiophanate-methyl

0.67

60

63

63

65

48

58

60

67

Chlorothalonil

1.26

54

60

60

63

44

46

48

50

Diflubenzuron

65

0.035

44

46

46

46

52

52

52

52

0.11 + .45

50

54

58

65

56

58

60

63

Azoxystrobin + chlorothalonil

0.11 + 0.84

52

58

58

69

42

44

50

54

Azoxystrobin + diflubenzuron

0.11 + 0.035

56

58

63

65

60

67

71

71

Azoxystrobin + thiophanate-methyl

Boron + diflubenzuron

0.28 + 0.035

40

40

40

40

58

58

58

60

Azoxystrobin + diflubenzuron

0.06 + 0.035

58

63

65

65

48

54

56

56

Azoxystrobin + thiophanate-methyl

0.06 + 0.45

65

67

67

67

48

54

56

56

0.16

44

52

56

60

38

42

46

48

0.12 + 0.08

44

52

54

60

33

40

44

44

Propiconazole
Propiconazole + azoxystrobin

a

Probabilities calculated using data collected from 12 locations over 3 years on irrigated soybeans in the Mississippi Delta. Each treatment was
replicated 96 times. Net returns for each plot was used to determine how many times out of 96 a numerically positive value occurred across a
range of soybean selling prices.
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